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Assoeiation«^|jP^ 

Fighting Heart Disease and Smoke 

Scientific Sessions 2003, November 9-12, 2003, Orlando, Florida 

Control/Tracking Number : 03-SS-A-12529-AHA 
Activity :Abstract 

Current Date/Time : 5/30/2003 4:35:56 PM 

Novel Predictors of Cardiac Allograft Rejection Determined by Peripheral Blood 
Gene Expression 

Phillip A Horwitz, Jonathan A Epstein, John J Lepore, Michael S Parmacek, Andrew C 
Kao, Shashank Desai, Lee R Goldberg, Mariell L Jessup, Thomas P Cappola; Hospital of 
the University of Pennsylvania, Philadelphia, PA 

Endomyocardial biopsy is the gold standard for detecting cardiac allograft rejection, but 
is limited by invasiveness and cost. We tested the hypothesis that rejection could be 
detected by gene expression profiles in peripheral blood samples using oligonucleotide 
micro arrays. 

Methods: We performed a case-control study nested within a cohort of 189 cardiac 
transplant patients who had peripheral blood samples obtained during routine 
endomyocardial biopsy. Cases (n=4) of biopsy proven rejection (ISHLT grade 3A or 3B) 
were identified and compared to three different controls (n=4 in each group): paired 
samples from the same patients prior to rejection, paired samples after resolution of 
rejection, and unpaired samples from patients with negative biopsies. Labeled cRNA 
probes were produced from each sample and were hybridized to individual Affymetrix 
HU-133A oligonucleotide microarrays (16 in total). Expression data were analyzed using 
Robust-Multi-array Analysis and Significance Analysis of Microarrays algorithms. 
Results: Of 22,000 transcripts assessed, 55 were differentially expressed in patients with 
rejection compared to pre- and post-rejection controls, with a false discovery rate <10% 
and change at least 2-fold in magnitude. The majority of these genes are involved in 
immune and inflammatory responses (31%), regulation of transcription or translation 
(20%), cell signaling pathways (18%) or cell growth and differentiation (1 1%). Further 
analysis demonstrated six transcripts that were differentially expressed in rejection 
compared to pre-, post-, and unpaired controls: soluble JL-1 receptor (GenBank accession 
U64094), mitochondrial superoxide dismutase (W46388), ras association domain family 
(NM_014737), TNF alpha-induced protein 2 (NM_006291), nuclear protein-tara 
(AF28 1 030), and alpha 1 -defensin (NM_004084). 

Conclusions: These genes represent novel candidate predictors associated with the 
presence of cardiac allograft rejection at biopsy. If validated in larger patient cohorts, 
peripheral expression profiling may eventually allow post-transplant surveillance with 
blood testing rather than biopsy. 



Commercial Relationship: P.A. Horwitz, None; J.A. Epstein, None; J.J. Lepore, 
None; M.S. Parmacek, None; A.C. Kao, None; S. Desai, None; L.R. Goldberg, 
None; M.L. Jessup, None; T.P. Cappola, None. 

Category (Complete): Medical Management of Intrathoracic Transplantation 
Additional Info (Complete): 

Please select: : There are no unlabeled/unapproved uses of drugs or products. 

Please select your preference of presentation: : Either 

Male/Female: : Male 

Ethnic Background: : Caucasian 

AHA Member? : Yes 

Please select: : Clinical Cardiology 



Keyword (Complete): Transplantation/medical aspects ; Gene expression 

Payment (Complete): Your credit card order has been processed on Friday 30 May 2003 

at 2:39 PM. 

Status: Complete 
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Novel Predictors of Cardiac Allograft Rejection Determined by Peripheral 

Blood Gene Expression 

Phillip A Horwitz, Jonathan A Epstein, John J Lepore, Michael S Parmacek, 
Andrew C Kao, Shashank Desai, Lee R Goldberg, Mariell L Jessup, Thomas P 
Cappola; Hospital of the University of Pennsylvania, Philadelphia, PA 

Concept: Endomyocardial biopsy is the gold standard for detecting cardiac 
allograft rejection, but is limited by invasiveness and cost. We tested the 
hypothesis that rejection could be detected nonivasively using periheral blood 
gene expression. 

Progress Summary 

First Analysis: In our first analysis, we performed a case-control study nested 
within a cohort of 189 cardiac transplant patients who had peripheral blood 
samples obtained during routine endomyocardial biopsy at the University of 
Pennsylvania. Cases (n=4) of biopsy proven rejection (ISHLT grade 3A or 3B) 
were identified and compared to three different controls (n=4 in each group): 
paired samples from the same patients prior to rejection, paired samples after 
resolution of rejection, and unpaired samples from patients with negative 
biopsies. Labeled cRNA probes were produced from each sample and were 
hybridized to individual Affymetrix HU-133A oligonucleotide microarrays (16 in 
total). Expression data were analyzed using Robust-Multi-array Analysis and 
Significance Analysis of Microarrays algorithms. 

Of 22,000 transcripts assessed, 55 were differentially expressed in patients with 
rejection compared to pre- and post-rejection controls, with a false discovery rate 
<10% and change at least 2-fold in magnitude. The majority of these genes are 
involved in immune and inflammatory responses (31%), regulation of 
transcription or translation (20%), cell signaling pathways (18%) or cell growth 
and differentiation (11%). Further analysis demonstrated six transcripts that were 
differentially expressed in rejection compared to pre-, post-, and unpaired 
controls: soluble IL-1 receptor (GenBank accession U64094), mitochondrial 
superoxide dismutase (W46388), ras association domain family (NM_014737), 
TNF alpha-induced protein 2 (NM_006291), nuclear protein-tara (AF281030), 
and alpha 1-defensin (NM_004084). 

We submitted these findings as an abstract to the 2003 American Heart 
Association Scientific Sessions on 5/3/03. These were accepted for oral 
presentation, which was given by Dr. Horwitz on 1 1/10/2003 in Orlando, Florida. 

Second Analysis: In our second analysis, we compared peripheral blood 
expression profiles from 7 rejectors with 7 unmatched controls using the same 
approach as above. The larger sample size and simultaneous sample 
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hybridization with microarrays allowed for a more accurate analysis. We found 
91 regulated genes with a false discovery rate < 10% that were associated with 
rejection. 

We then looked at expressions profiles from the same 7 rejectors after they were 
treated and the rejection had resolved on biopsy (these samples are called 
"posts"). Interestingly, nearly all of the genes that were differentially expressed in 
the first comparison headed back toward the baseline level of expression in the 
controls, resulting in an intermediate expression profile for the posts. This is 
shown visually in Figure 1 . Red indicates fold change in rejectors compared to 
control, and blue indicates fold change in posts compared to control. Nearly all 
the blue points are heading back toward the fold-change and are smaller in 
magnitude than the red points. 

This is a significant finding. Using a resampling technique, we estimate the 
probability of finding this intermediate expression profile by chance is less than 1 
in 10,000. 

The intermediate expression profile of treated rejection is displayed another way 
in Figure 2 using hierarchical clustering. Using all 91 genes, there are two main 
branches in the dendrogram. One contains all the rejectors and the other 
contains all the controls. The posts are scattered between the two main 
branches. 

Of the 91 genes, we chose 40 that showed the most consistent changes among 
all comparisons. These are listed at the end of this document using 
a variety of unique identifiers. 

These are indicated by a cross in figure 1. Many of these are 
uncharacterized ESTs. However, 22 known genes popped up. 

So thus far, we have demonstrated, in principle, that peripheral blood expression 
profiles correlate with solid organ rejection in a way that makes sense. These 
genes represent novel candidate predictors associated with the presence of 
cardiac allograft rejection at biopsy. If validated in larger patient cohorts, 
peripheral expression profiling may eventually allow post-transplant surveillance 
with blood testing rather than biopsy. 

Next steps: Our next steps are 1) validation of our 91 candidates using 
quantitative PCR and 2) picking the best of these samples for propsective 
validation using new collected samples. 
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RefSeq 

NM_000038; adenomatosis polyposis coli 
NM_006310; aminopeptidase puromycin sensitive 
NM_004313; arrestin beta 2 
NM_004536; baculoviral IAP repeat-containing 1 
NM_001 207; basic transcription factor 3 
NM_001207; basic transcription factor 3 
NM_020993; B-cell CLL/lymphoma 7A 
NM_003879; CASP8 and FADD-like apoptosis regulator 
NM_003879; CASP8 and FADD-like apoptosis regulator 
NM_003879; CASP8 and FADD-like apoptosis regulator 
NM_003879; CASP8 and FADD-like apoptosis regulator 
NM_003879; CASP8 and FADD-like apoptosis regulator 
NM_003589; cullin 4A 

NM_004720; endothelial differentiation, lysophosphatidic acid G-protein-coupled receptor, 4 
NM_004720; endothelial differentiation, lysophosphatidic acid G-protein-coupled receptor, 4 



NM_017932; hypothetical protein FLJ20700 



NM_014033; DKF2P586A0522 protein 

NM_018097; hypothetical protein FLJ10460 
NM_004913; chromosome 16 open reading frame 7 

NM_014339; interleukin 17 receptor precursor 

NM_006864; leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domaii 
NM_006864; leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domaii 
NM_006599; nuclear factor of activated T-cells 5 isoform c NM_138713; nuclear factor of ar 
NM_004855; phosphatidylinositol glycan, class B 

NM_002632; placental growth factor, vascular endothelial growth factor-related protein 
NM_004207; solute carrier family 16 (monocarboxylic acid transporters), member 3 
NM_024906; hypothetical protein FLJ21032 
NM_000636; superoxide dismutase 2, mitochondrial 
NM_003932; heat shock 70kD protein binding protein 
NM_018975; TRF2-interacting telomeric RAP1 protein 
NM_023002; transmembrane 6 superfamily member 2 
NM_006294; ubiquinol-cytochrome c reductase binding protein 



ns), member 3 
ns), member 3 

:tivated T-cells 5 isoform b NM_138714; nuclear factor of activated T-cells 5 isoform a NM_1 73214; nucl 



lear factor of activated T-cells 5 isoform a NM_173215; nuclear 
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■ • Cardiac Allograft Rejection 

50% of all transplant recipients \ 
20% of post-transplant deaths 
Prompt, accurate detection- treatment 
Endomyocardial biopsy to detect cellular 

■ rejection- "Gold Standard" 

' - Biopsy limitations- sensitivity, cost, invasive. 
• morbidity 

Goal- noninvasive detection of rejection 



Acute Rejection Activates Circulating ! 
.-\ ~ Markers \ . 

• T-cell recognition of alloantigens plus ^ . 
co-stimulatory signals V< 

• Cytokine activation : : T;''- 

• Graft inflammatory response P • 

■• Alteration in circulating leukocyte v, 
gene expression levels : "^:'v;-;. .t . : 
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Study Hypothesis 

• Markers of cardiac allograft rejection 
can be detected by gene expression 
profiling in peripheral blood leukocytes 
using oligonucleotide microarrays 



>; ; Microarray Screening 




_ ~ t .' "Af^THBca inc. f , ^, ' . . 



Oligonucleotide 

microarrays ■ ■ 

•— Sample RNA purified 

- Total RNA reverse 
transcribed cDNA and 

'• biotin labeled cRNA. ■ 
AnyrnetrixHU-133A .; 

— Hybridized with - 

' fluorophore-labeled 

sample , 
'- Scanned and quantified 

for expression level - 



Methods- Sample Collection 

Nested case-controi study of peripheral blood 
specimens '. ■; ''■ V, : 

Endomyocardialbiopsy cohort ..;"'•■>:??.„•■ 

' - 189 consecutive transplant patients 
-409 total samples . j ; 
-Standard ISHLT-criteria _ ---*>' 
Sample collection j y i'] -\ 

' — Sec peripheral blood immediately prior to biopsy 

" - Commercial blood RNA storage tubes 
- Stored -80° C : 6* months f-l-i- . - r - : ; ; . ■ ' - ■ 



i Endomyocardial Biopsy Cohort J $ 

50,1 ~ j4 1' 

'. ; £ 40 ' |M| "' fffj- ' 40? Biopsies . ' 



•" is 













.** . . ,* w 1 1 ' 1 1 ' ; - 

0 1AI1B 2 : u 3A 3B - ^ • 
■ , ISHLTGrade * J ( ^ 



Case-Control Sample Selection 

• "Recent" transplant: <18 months 

• No overt acute illness 

-Outpatients .. ' . ,; 

- No active infections 



•Stable immunosuppressive regimen . 
fi^h v -.Calcineurin inhibitors, anti-metabolites -717 / , 
i..' --Steroids 7 »;j^\«;'V,£7 ,7 ,? 




Case-Control Sample Selection 

Case patients r 
7- ISHLT grade.3A or higher rejection ,7.. 7- ! - 
i .7-0 or 1 .previous episodes of rejection. ; v ; 7 

- Stored blood samples available pre-, , 

.7 during & post-rejection episode .y ; . : 77.7; 

• Control patients : f„ • . , - 
i - ISHLT grade Dor/l A rejection , , * - , 

- No episodes of grade 2 or higher rejection 



, - Methods- Analysis Strategies - 

Case Cross-Over ; '. " 7"- 
i - Cases (n=4) vs. Pre/Post Rejection (n=8) 77; 
!;i]7 4'4 Transcripts increase/decreased in rejection ' ' 
V '0 7 - biopsy compared with negative (0 or 1A) • 
. pre/post biopsies ■ ' • 

2. Case-Control ; - 
7'7-. ; -Cases (n^) vs. Controls (n=4) .' 7 ~j'= ' 

77* i6 total samples ifor microarray analysis ; . 



Methods- Data Analysis - \ f£.-- 

* Chip normalization! Robust tviulti-an^y v 
/■ < Analysis ' . 

-Background normalization -, 
- Expression quantification •' -> r* 

U * Expression comparisons:' Signfficsahce''^'' 
^77= ^Analysis of Microarrays (SAM) ; Viv" ft ^K^W 
777-Fold change 777 7 ;/7 r -.'' v ;'/-7'7 777 ',: 
,7 7 False Discovery Rate-multiple comparisons 
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Results: Case-Crossover 
Transcripts 

• SAM analysis: 55 differentially expressed 
transcripts (>2 fold, FDR 10%) > 

• Transcript Classification 

; _ , .- Immune/ inflammatory responses (31 %) v . 
,-Transcription/Sanslatipn regulation (20%) NlV,- 
- Cell signaling pathways (1 8%) , ■ ;f . iV ;. v 
-Cell growth and differentiation (1 1 %) 



Common Transcripts 

* ■ • Case-Control&pase-Crossover_ 

J ' common Transcripts - c \ .. , . , 
-soluble I L-1 receptor v.- ;; : • ,:• 
^ e^mitochonijn'al superoxide dismutase'^j 
c { -ras association domain.family- ^ 

• v _ TNF alphannduced protem.2 - ! ^ ' 
^ - nuclear protein-tara ' j - v 

- alpha 1-defensin - 




Quantitative PCR Validation- ' r 
J a-1 Defensln depression 

n= 24 samples ' 



Quantitative :*;- 
PCR from .4 .: -.: 
'periphenal vi'i : '- 
bipod samples 




4 



-}■<:. Conclusions 

• High quality total RNA successfully 
obtained from stored peripheral blood .. 
leukocytes -V; ;4?yAy. v' 1 ..:' 
• v •• Peripheral blood leukocyte gene , ; 
; % expression appears to vary with ; 
rejection status , • ;, ; 
"« Novel expression markers associated 
Hf^/with rejection identified by microarray y 
/analysis. .;,{ ' •: . * ;'■:',;} - 



Conclusions II 

• Majority of transcripts: 'immune 

: response, transcription/translation, cell 
signaling, cell cycle /:* , ', 

• Preliminary Validation 

-Initial quantitative PCR data correlates with 
„ v ri microarray findings - ^ 
- Further validation: additional array samples r , 
•"• and quantitative PCR :'^|<^^^^t^ : * v . 
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Patient Characteristics 



Limitations 
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■' Pilot project- small numbers • / v ?;i- 
Highly selected case/control samples^!?- 
Statistical power/ validity 
-Lack of microarTByreplicat.es ..■ -v. :,. ■' 



• Further define candidate predictors : 

-Additional case/control microarrays "j fi,<<-^ 

& , f '- RNA- Quantitative PCR * ?r - %g 

.- •. ' . r- Correlate with protein, cytokine etc. assay ? 

•'• Validation cohort ' - , ' . - : ' 

- Gene expression ■ ". 4 | ; 

- - Resolution of rejection, adequacy " 
'~> '■ '■ immunosuppresion.graft-vasculopathy etc.,,-. 



Methods- Microarray Samples 



"■'"' : -'r rPenn Microarray Core Facility K^ijP 

*■ ; ~— ^Hybridization, scanning, quantification using .. 
« standard protocol 



Circulating Leukocyte Gene 
Expression Screening ^ 

; • Quantitative PCR studies (ex. TN Fa, IL- 

8, IFNy, granzyme B, perforin, TIRC7) 
: , -Small numbers of genes I : v ;' . 
■:. . - Candidate genes identified a priori 

• Microarray screening . - ■'■■r^y-'-.^f^ ; , 
•. Thousands of different genes * % .{v : . . 
- Can identify novel markers for rejection ; 



